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more units), this is a good indication that more than one 
charged particle (Z  > 1  ) passed through the module. 
Multiple charged particles in the 36" modules account 
for approximately 50% of the MWPC triggers.  An algo- 
rithm has been developed to handle these events in which 
fully identified fragments or alphas (protons are ignored) 
in the phoswich  detectors are used  to adjust the PC and 
IC pulse  heights and new  Z  values generated from the 
masks.  The basic assumption is that the multiple events 
involve  only  one fragment which  triggers  the MWPCs 
and one or more lighter particles in the phoswich  detec- 
tors.  The new Z values are compared and a final gas Z is 
assigned to the MWPC trigger as though the module con- 
tained a single fragment. 
The  charge  resolution  of  the  various  identification 
masks for the IMFs (2  1  Z < 18)  is generally quite good. 
The single fragment  resolution of  the two  IC masks is 
unity  while  the  resolution  of  the  PC-TOF  depends 
significantly on the fragment velocity and charge.  We es- 
timate  that  the  overall  IMF charge  resolution  for  all 
events  is  close  to unity  for Z < 10, approximately  two 
units  for fragments  with  10 < Z 5 20,  and two to three 
units for fragments in the fission-mass region.  The veloc- 
ity resolution of the original PC-TOF calibration is 0.05 
cm/ns between 0.5 and 2.4 cm/ns (there is some Z depen- 
dence on the range of  the calibration  data).  Using  the 
measured TOF, the velocity calibration has been extend- 
ed to 4.1 cm/ns with comparable resolution. 
B.  Efficiency corrections and cross sections 
In order to make estimates of  absolute cross sections 
for IMF yields it is necessary to know the efficiencies of 
the detection techniques as a function of  Z  and V.  The 
primary fragment triggers for the PAGODA modules are 
based  on the MWPCs and the phoswich  detectors.  For 
fragments  with  Z > 10, the MWPC anode and position 
efficiencies  are close to unity.  For Z=2,3 the MWPCs 
are very inefficient  and the identification is done with the 
phoswich  detectors  with  a  velocity  threshold  of  2.5 
cm/nsec.  In  the  intermediate  region,  Z=4- 10,  the 
MWPC efficiencies vary significantly with Z and V. 
Since the MWPC anode efficiency  is  reasonably  high 
for Z ? 4, we decided to use only the MWPC trigger data 
to estimate the yield of these fragments using efficiencies 
generated  by  comparing  singles yields  in  the phoswich 
detectors with the corresponding yield in the MWPCs for 
fragments with velocities above 2.5 cm/nsec.  Our trigger 
setup  seriously  limits  the  statistical  accuracy  for 
phoswich triggers with Z ? 4 and we are, therefore, limit- 
ed to a velocity  integrated  efficiency above 2.5 cm/nsec 
for each Z.  Due to a lack of more detailed information 
we assumed a simple linear dependence for the efficiency 
as a function of  V.  This function assumed the measured 
value for each Z was appropriate for the average V in the 
phoswich  modules and that the efficiency  was  unity  at 
V=O.  Our estimate is that this simple procedure is accu- 
rate to about f  25%  of the correction and this has been 
included in the error bars for the data presented.  Figure 
2 shows the average MWPC anode efficiencies for V > 2.5 
cm/nsec as a function of Z for the two forward modules. 
The MWPC position measurements are somewhat less 
@  35"  modules  - 
FIG. 2.  Average  velocity  integrated  anode  efficiency  as  a 
function of  fragment charge for the forward two modules.  The 
fragments were required to reach the phoswich detectors which 
have a threshold of approximately 2.5 cm/nsec. 
efficient  than the anode triggers but the data Set gives a 
direct measure of the position versus anode efficiencies as 
a  function  of  V,Z.  We use  these measured  efficiencies 
along  with  the  estimated  anode  efficiencies  discussed 
above to obtain absolute IMF  yields. 
The beam flux  during the experiment was monitored 
by  an ion chamber located  downstream from the target 
chamber.  Periodic calibrations were made during the ex- 
periment using a scintillator paddle to count single beam 
particles and particle yield  ratios have since been  calcu- 
lated as a function of calibrated beam flux.  These ratios 
fluctuate somewhat during the experiment and form the 
basis for an estimated 20%  systematic uncertainty in the 
overall cross section measurement. 
We have corrected the data for the transmission of the 
MWPCs, the Support mesh for the ion chamber window, 
and the ion chamber Frisch grid.  We have corrected all 
events for  the full transmission  of  each  MWPC (94%) 
and,  for  those  fragments  identified  using  the  IC  or 
phoswich detectors, the IC window mesh (88%), and the 
Frisch grid (90%). 
The data was  taken with  a  1.34 mg/cm2 Au target. 
The 100 MeV/iiucleon  Fe+Au data were taken with the 
target  oriented  45"  to  the  beam  while  the  50 
MeV/nucleon  data were taken with the target perpendic- 
ular to the beam.  Since only slight differences have been 
observed in the velocity distributions of the heaviest frag- 
ments,  no  attempt  has been  made  to correct  the  IMF 
yields  for the different  target  orientations except to ac- 
count for the increased target thickness when calculating 
cross sections. 
111.  EXPERIMENTAL RESULTS 
In this section we present inclusive and semiexclusive 
distributions  for  intermediate  mass  fragments  with 
25ZI50. 
In inclusive distributions it is not possible to unambi- 
guously separate fission-mass fragments due to multifrag- 
mentation in central collisions from true binary fission of 
the target residue in peripheral reactions.  However, from 
correlations with projectile fragments and associated pro- 
ton multiplicities we have made the following conclusions 
[4,27].  Intermediate mass  fragments  ( Z < 20  )  come al- 
most exclusively from multifragmentation in central col- 
lisions.  The coincident light particle multiplicities in the INTERMEDIATE MASS FRAGMENT EMISSION IN Fe+ Au . . .  1407 
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FIG. 3.  Measured intermediate mass fragment charge distri- 
butions at laboratory angles of  36", 72", 108", and 144" for the 50 
MeV/nucleon  Fe+Au  system.  The  coincidence distributions 
have  the  requirement  that  an  additional  IMF  (Z  <20) was 
detected in  any other PAGODA module.  These distributions 
have not been corrected for MWPC efficiency. 
phoswich arrays are significantly larger than for any oth- 
er class of event and there are very few large projectile 
fragments observed  in  the forward  hodoscope.  In the 
fission mass region (Z  >  20), there are contributions from 
both  binary  fission  and multifragmentation.  The light 
particle multiplicities are only somewhat lower while the 
charge distribution  of  the heaviest  fragment in  the for- 
ward  hodoscope  is  bimodal;  the  lower  Z  peak  corre- 
sponds closely with the one for IMF production and the 
higher Z  peak matches exactly the distribution observed 
for purely binary  fission.  Finally, coincidences between 
two fragments with Z > 20 clearly isolates fission events 
[27], whereas a  coincidence in which  at least  one frag- 
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FIG. 4.  Same as Fig. 3 for the  100 MeV/nucleon  Fe+Au 
system. 
ment has Z <  20 is almost always a central multifragmen- 
tation event.  A  similar effect  and characterization has 
been observed previously in the Ne+Au  reaction at 200 
MeV/nucleon by Warwick et al. [7]. 
In Figs.  3  and 4  we  show both  inclusive  and coin- 
cidence Z spectra.  The coincident spectra correspond to 
the condition where a fragment in the indicated angular 
bin is in coincidence with another fragment 5 I  Z  520,  in 
any of the other seven detector modules.  Relative coin- 
cidence rates (shown for the 100 MeV/nucleon  reaction 
in Table I)  and previously published correlations [4,25,27] 
with  the forward hodoscope show that this coincidence 
virtually eliminates the contribution  from binary fission. 
In contrast, the probability of finding two light fragments 
and a third fragment within our acceptance is quite high. 
In Figs.  5  and 6  we  show differential  cross sections 
da(Z)/dfl as a function of laboratory angle.  The cross 
sections shown are an integral over the velocity distribu- 
TABLE  I.  Relative  coincidence rates  for  various  fragment  combinations with  ZL=5-20  and 
Z, =21-53.  Results are summed over the total acceptance of the detector. 
Event  tvve  Yield  (100 MeV/nucleon)  Yield  (50 MeV/nucleon) 
Total  352 105 
L  188 952  53.7% 
H  84 176  23.9% 
LXL  56 660  16.1% 
LXH  6990  2.0% 
HXH  529 1  1.5% 
LXLXL  7261  2.1% 
LXLXH  1493  0.4% 
HXHXL  38  0.0% 
HXHXL+  10  0.0% 
LXLXL+  1234  0.3% 1408  T.  C.  SANGSTER et al.  -  46 
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FIG. 5.  Experimental IMF angular distributions in the labo- 
ratory for the 50 MeV/nucleon  Fe+Au reaction.  The numbers 
in parentheses are multiplicative offsets for display. 
tion above a low energy cutoff of  1.0 cm/nsec.  These ve- 
locity distributions are shown in Figs.  7 and 8.  Here we 
see  that  only  for  Z > 10  at  backward  angles  is  there 
significant  cross  section  below  this  low  energy  cutoff. 
Figures  9  and  10  show  the  Same  data  in  a  two- 
dimensional plot of the invariant cross section as a func- 
tion  of  P,  and  P,,  for  Z=7  and  Z=15.  From  these 
figures we  can See that there is no obvious single moving 
frame that can be used to characterize the data. Thus, it 
is not possible to reliably estimate a total yield for each Z 
and  we  have  instead  chosen to report only the integral 
above our low energy cutoff. 
The  angular  distributions  are  peaked  forward  with 
slopes decreasing with  increasing 2.  For the highest  Z 
values the observed cross sections at backward angles are 
significantly lower than the total cross section due to the 
loss of events below our low energy cutoff.  The relatively 
large cross sections and almost isotropic distributions at 
large  angles  suggest  qualitatively  that  emission from  a 
FIG. 6.  Same as Fig. 5 for the 100 MeV/nucleon  Fe+Au re- 
action. 
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FIG. 7. Experimental velocity distributions for Z=7, 10, 15, 
and  20  at  the  four  primary  detector  angles  for  the  50 
MeV/nucleon Fe +  Au reaction. 
slow  moving  target  residue  is  an  important  source  of 
IMFs in these reactions. 
IV.  QMD MODEL 
The original QMD approach, which is described in de- 
tail  in  Refs.  [14,15,28-301,  incorporates  the important 
quantum  features  of  the  Vlasov-Uehling-Uhlenbeck 
(VUU) theory  [3 1-40],  namely, the Pauli principle,  sto- 
chastic  scattering,  and  particle production,  into the N- 
body phase space dynamics of the classical molecular dy- 
namics method [41-491. 
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FIG. 8.  Same as Fig. 7 for the 100 MeV/nucleon  Fe+Au re- 
action. INTERMEDIATE MASS FRAGMENT EMISSION IN Fe+ Au . . . 
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FIG.  9.  Inclusive  invariant  Cross  section, 
E d3u/d3p, in  the  plane  Pll/nucleon versus 
P,/nucleon  for Z=7 and 15.  Data are for the 
50 MeV/nucleon Fe +Au reaction. 
The nucleons are represented by Gaussians of the form  nate  arid  momentum  space.  2L  is  the  characteristic 
width of the wave packet.  Note the compatibility of the 
1  [  [r-;;t)l2  width in  coordinate space 2L and the width  in  momen- 
fi(r7p7t  )=---j-  exp  - 
(dz)  turn  space  fi2/2L  with  the  uncertainty  principle; 
2L(h2/2L)=fi2.  The interactions used  here are a local 
2L I 
Skyrme two  and  three particle  interaction,  a  Coulomb 
-[P-P~o(")I'~  9  and a Yukawa interaction. 
With these Gaussian nucleons, the interactions lead to 
where rio and pio are the centroid of particle i in coordi-  the following Hamiltonian: 1410  T. C. SANGSTER et al.  % 
The primes on the surns indicate that the self-interaction 
terms are omitted.  The first  term is  the kinetic  energy 
arid the second one is the Yukawa interaction of Gauss- 
ian distributed nucleons (1) characterized by its strength 
V;„  The third term describes the Coulomb interaction 
of  the Gaussian  distributed  nucleons  and the last  term 
denotes the Skyrme interaction, characterized by the pa- 
rameters a and ß.  The three-body part of the Skyrme in- 
teraction is approximated to be proportional to pY,  in or- 
der to allow for the variation of the compressibility of nii- 
clear matter. 
The parameters a,  ß, and y are adjusted to reproduce 
the properties of infinite nuclear matter, i.e., 
E 
-- 
P 
-  16 MeV , 
A  P=?, 
a2~  /  A  K =  9p2----  =380  MeV .  apZ  P=p, 
The parameters used  here are a = -  124 MeV, ß=70.5 
MeV,  y =2,  vL,  =  -- 10  MeV,  yy„=1.5  fm,  and 
L =L165 frn. 
The short-range interaction is taken into account in the 
same way as in the INC and VUU rnodels via a stochastic 
scattering term: Two nucleons  can scatter  if  the spatial 
distance  of  the  centroids  of  their  Gaussians  is  srnaller 
than /a„,/i;.  The energy and angular dependence of 
the experimental differential n-n cross section du/dfl are 
reproduced.  The free n-n cross sections are modified  in 
medium  by  the  Uehling-Uhlenbeck  blocking  factors 
[ 1 -  f  ( r,p  I],  which determine the Pauli blocking proba- 
bility of the final states in an n-n collision. 
For the comparison with the data we used initially the 
same version of the QMD rnodel as in Ref. [14,15,30] and 
followed  the reaction for 300 frn/c  reaction time.  How- 
ever, in order to follow the long-time evolution of the re- 
action  (in particular, the decay  of  the hot  heavy  frag- 
ments into IMFs) a modified version of the QMD model 
was developed wliich includes the Pauli potential of Refs. 
[50,51]. This new version yields a well defined fermionic 
ground state of  the fragrnents  and, therefore, allows the 
determination of  the excitation energy of  the fragments 
event by event.  If the fragments, which are produced in 
such reactions, are highly  excited, they will  decay  in a 
time scale ( IO-~' to 10~'~  sec) which is not available in a 
molecular dynamical calculation.  This secondary decay 
will  modify  the results obtained with  the original QMD 
model.  In order to investigate the effect of  these secon- 
dary processes we  study a hybrid model, where the first 
dynaniical  step  is  carried  out  with  the modified  QMD 
model  !with  Pauli potential).  After this dynamical step 
we  calculated  the  excitation  energy  of  each  fragment. 
We then  used  the statistical multifragmentation  rnodel 
(SMM)  of  Botvina et  al. [18,19] for the further decay of 
ihe  fragme~its  yielding  a  final  theoretical  distribution 
which is compared to the experimental data. 
In  the  calculations  presented  here  we  stopped  the 
QMD calculation  at  300  frn/c  reaction  time.  At  this 
time the fast preequilibriurn  emission is finished and the 
multiplicities  and excitation  energies  are not  changing 
rapidly with time.  At this time the central density of the 
excited  fragments  produced  within  the QMD model  is 
about one-half of  the nuclear matter density.  This is in 
good  agreement with  the freeze-out  density  used  in the 
SMM model.  In the SMM rnodel the freeze-out volurne 
VF  is not a fixed parameter, but depends on the multipli- 
city M of the fragrnentation channel in the form 
with d  =  1.4 fm and Ro  =  1.17  ~0'~  fm.  For a typical de- 
cay  channel  ( A,, =  100, M =  10) this yields  a freeze-out 
volume VF  -  2 Vo. 
V.  QMD CALCULATIONS 
AND COMPARISON T0  DATA 
Figures  11- 14  show  cornparisons between  data  and 
QMD calculations without the Pauli potential for charge 
and  angular  distributions.  The  calculations  with  this 
original  QMD were  performed  for  1900  events  at  50 
MeV/nucleon and 1800 events at 100 MeV/nucleon.  The 
theoretical events have been calculated with random im- 
pact  parameters in  the range  0-12  fm  and have  been 
geometrically  weighted. The indicated error bars are of 
statistical origin only. 
The calculated differential cross sections were normal- 
ized  to  the  total  reaction  cross  section  (0,  )  for  the 
Fe+ Au reaction calculated as a function of  energy and 
inipact parameter [52] (uR  =  3.95 b at 50 MeV/nucleon 
FIG. 11.  Cornparison of experimental and theoretical charge 
distributions at  a laboratory angle of  36"  for the  50 and  100 
MeV/nucleon  Fe +  Au  reaction.  The  theoretical  calculations 
are frorn the QMD rnodel without the Pauli potential or subse- 
quent SMM deexcitation.  The experimental distributions have 
been corrected for MWPC efficiency as described in the text. INTERMEDIATE MASS FRAGMENT EMISSION IN Fe+ Au  . . .  141 1 
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FIG. 12.  Comparison of  experimental and theoretical angu- 
lar distributions for the 50  and  100 MeV/nucleon Fe+Au reac- 
tions.  Data are for Z=2 and 4.  Calculations are summed for 
the interval Z =2 to 4.  The theoretical calculations are from 
the  QMD  model  without  the  Pauli  potential  or  subsequent 
SMM deexcitation. 
and  UR =4.24  b at 100 MeV/nucleon).  In addition, cal- 
culations were subjected to the same low energy cutoffs 
that are present in the data set. 
The comparisons indicate that the calculated and ex- 
perimental Z  distributions have roughly  the same shape 
but  the QMD yields are lower than  experimentally  ob- 
served.  The  angular  distributions  are,  however,  very 
different.  The  original  QMD  calculations  are  more 
sharply forward peaked  and the effect  is accentuated at 
higher  Z  and  for  the  lower  bombarding  energy  (50 
MeV/nucleon).  At the most forward angles the absolute 
comparison of cross sections is quite reasonable. 
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FIG. 13.  Comparison of  experimental and theoretical angu- 
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lar  distributions for  the  50  MeV/nucleon  Fe+Au  reaction. 
Data are for the single charge values Z =5, 7, 8, 10, 15, and 20. 
Calculations are summed for the intervals Z=5 to  7,  8 to 10, 
and  15 to 20.  The theoretical calculations are from the QMD 
model without the Pauli potential or the subsequent SMM deex- 
E  I 
- 
FIG. 14.  Same as Fig. 13 for the 100 MeV/nucleon Fe+Au 
reaction. 
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The original QMD model treats the early stages of the 
collision in reasonable detail and should yield a good pre- 
diction of the initial fragmentation of  the System.  How- 
ever,  as  discussed  in  the  previous  section,  this  model 
neglects  the  subsequent  deexcitation  of  the  fragments. 
This neglect leads to the large discrepancies between the 
model  and  the  experimental  data  since  the  fragments 
formed in the initial dynamical Part of the collision decay 
further before being observed in the experimental accep- 
tance [53]. In our experiment the primary IMF source is 
the multifragmentation  of  the target residue.  Thus, the 
discrepancy between data and original QMD in Figs.  13 
and  14 is most  likely explained by  the decay of  such  a 
source which is not included in the model. 
In the original version of the QMD model it is not pos- 
sible to test this hypothesis because the ground states of 
the final fragments are not well enough determined for a 
reliable  estimate of  their  excitation energies.  However, 
the  improved  QMD  model  utilizing  a  momentum- 
dependent potential (Pauli potential) to simulate the Pauli 
exclusion principle has shown  considerable  promise  for 
overcoming this problem.  Recent calculations [51] have 
demonstrated  the  ability  of  this  approach  to  produce 
clustering in low density nuclear matter and to adequate- 
ly reproduce the radii and binding energies for finite nu- 
clear Systems.  As  discussed above in Sec. IV, this new 
version of QMD has now been expanded to calculate the 
temperatures of the emitted fragments and coupled to the 
statistical  multifragmentation  model  (SMM) developed 
previously by  Botvina  er  al.  [18,19].  The details of  this 
model and comparisons to a broad selection of data will 
be published  elsewhere [54].  In this paper we  show re- 
sults  from  these  hybrid  calculations  as  applied  to  the 
Fe +  Au case. 
Figures  15 and  16 show comparisons of  the inclusive 
charge distributions at the four angular intervals centered 
at 36", 72",  108", and  144".  The data show little variation 
with bombarding energy at the most forward angle which 
dominates  the  cross  section.  There  are,  however,  in- 
creases in yield of  factors of 2-3  at the more backward 
angles and the higher bombarding energy. 1412  T. C. SANGSTER et al.  -  46 
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FIG. 15.  Charge yields for the 100 MeV/nucleon  Fe +  Au re- 
action at the angular intervals noted.  The circles represent the 
experimental  data while  the histograms represent  results from 
the modified QMD model alone  (dashed) and from the QMD 
with secondary decay included via the SMM model (solid). 
Also shown in Figs. 15 and 16 are calculated results for 
the  full  range  of  impact  parameters  (b=O-12  fm) ob- 
tained with the modified  QMD model alone (dashed his- 
tograms) and after the secondary decay is included utiliz- 
ing the SMM model (full histograms).  An efficiency cut 
has been applied to the calculations to reproduce the ex- 
perimental velocity  cutoff at 1 cm/nsec.  Within limited 
statistical accuracy, the calculations  reproduce the mea- 
sured velocity spectra shown in Figs. 7 and 8 reasonably 
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FIG. 16.  Same as Fig. 15 for the 50 MeV/nucleon  Fe+ Au 
reaction. 
well except for the lightest fragments at the most forward 
angle where the calculated spectra are somewhat harder. 
At backward angles where threshold effects are most im- 
portant the calculated and measured  spectra agree very 
well. 
For central collisions the average excitation energies of 
the primordial heavy fragments ( A > 10) are about 5-6 
MeV/nucleon.  As the collisions become more peripheral 
the masses  of  the heaviest  remnants increase but  their 
average  excitation  energy  decreases steadily.  After  the 
secondary decay the model produces significant yields at 
backward angles and approximately reproduces the data. 
These comparisons show that at backward angles all of 
the  observed  IMFs stem from the  secondary  decay  of 
large  highly  excited target  remnants.  This can also be 
seen  in Figs.  17 and  18 where we compare the angular 
distributions for specific Z intervals.  The modified QMD 
model shows significant yields only at the most  forward 
angles.  At backward angles the IMF  yield Comes entirely 
from the decay of the excited target residue.  For the an- 
gular  distributions  of  prompt  fragments  the  modified 
QMD model gives very similar results to those obtained 
with the previous version (see Figs. 13 and 14). This indi- 
cates that the addition  of  the Pauli  potential  does not 
influence the dynamics of the reaction. 
A comparison between the two bombarding energies in 
Figs.  15-18  indicates  that  the  hybrid  model  overesti- 
mates the fragment yield by at least a factor of  2 at the 
lower energy.  This is probably  due to the sensitivity of 
the final  fragment distribution from the SMM stage to 
the initial excitation energy of the primordial QMD; the 
uncertainty in the calculated QMD excitation energy is of 
order 1 MeV/nucleon.  In addition, the free volume avail- 
able for translational motion of  the fragment is the only 
free Parameter in the SMM model.  For the calculations 
presented in Figs.  15- 18, the freeze-out density has been 
taken  to be  half  normal  nuclear  matter  density.  Al- 
though this value has been successfully used  to describe 
FIG.  17.  Angular  distributions  for  the  100 MeV/nucleon 
Fe+Au  reaction  and  various  charge  intervals.  The  symbols 
represent  the  experimental data; the histograms  represent  re- 
sults from the modified QMD model alone  (dashed) and from 
the QMD with  secondary decay included via  the SMM model 
(solid). INTERMEDIATE MASS FRAGMENT EMISSION IN Fe +  Au . . .  1413 
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FIG. 18.  Same as Fig.  17 for the 50 MeV/nucleon  Fe +  Au 
reaction. 
multifragmentation in proton-induced reactions [19], the 
density of the decaying primordial fragments in heavy ion 
collisions may be different. 
A more detailed study of this model and its application 
to the multiparticle correlations available in this date Set 
is  in  progress  and will  be  reported  at a  later time.  It 
should be noted that Colonna et al. [23] have recently re- 
ported preliminary results at intermediate energies from a 
similar  two-step  calculational  approach  using  the 
Boltzmann-Norheim-Vlasov  (BNV)  equation  [55]  to 
simulate the early dynamical evolution of the heavy ion 
collision  and the statistical  decay  code  GEMINI  [56] to 
handle the deexcitation.  Their conclusions are generally 
consistent with the results presented in this Paper. 
VI.  DISCUSSION 
We  conclude  from  the  comparisons  of  experimental 
data with the results from the QMD +SMM model that a 
complete treatment of  the reaction using QMD with the 
Pauli potential for the initial dynamics and SMM for the 
late time decay is in good agreement with the data. 
Previous  analysis  of  50,  75,  and  100  MeV/nucleon 
Nb+Au  data [4] acquired using the PAGODA detector 
array has shown that the IMF production cross sections, 
angular  distributions,  and  multiplicities  are  virtually 
identical for all three Nb energies as well as for the 100 
MeV/nucleon  Fe+Au  data.  However,  the  IMF cross 
sections  show  a  significant  decrease  for  the  50 
MeV/nucleon  Fe+Au reaction.  This behavior is qualita- 
tively consistent with the idea of  limiting fragmentation 
in which  the observed fragment  production  systematics 
become  independent  of  the  entrance  channel  above  a 
threshold  energy.  For these Systems, the center-of-mass 
energy  increases  from  2.2  to  6.3  GeV  for  the  50 
MeV/nucleon  Fe and  100 MeV/nucleon  Nb projectiles, 
respectively.  As the energy  available  for excitation in- 
creases beyond the total binding energy of the System, it 
would be reasonable  to expect a limit to the increase in 
IMF cross sections as the most  central collisions begin 
leading  to a complete disintegration into light particles 
and the impact Parameters feeding IMF production begin 
to increase.  A similar line of reasoning has been offered 
by the ALADIN group [9] to explain the remarkable tar- 
get dependence of the IMF multiplicity observed with a 
600 MeV/nucleon  Au  beam  on  a  variety  of  light  and 
heavy targets.  One result of this limiting behavior is that 
the  excitation  energy  range  feeding  IMF  production 
should become relatively independent of the bombarding 
energy above the IMF threshold region in a manner simi- 
lar to that observed for fission decay in higher energy re- 
actions [27].  This may be  the most reasonable  explana- 
tion  for  the apparent  limiting  temperature observed  in 
several  contexts  in  intermediate  energy  heavy  ion  col- 
lisions [10- 131. 
VII.  SUMMARY 
We have presented  a comprehensive Set of experimen- 
tal results on the production  of  intermediate mass frag- 
ments from bombardments of a Au target by Fe beams at 
50 and  100 MeV/nucleon.  The results are compared to 
predictions of a quantum molecular dynamics model and 
the first quantitative results on the effects of adding a sta- 
tistical deexcitation stage to this model are presented. 
Both  the  experimental  systematics  and  the  compar- 
isons to QMD calculations indicate that the large cross 
section  for  IMF emission at large  angles is due to the 
multifragmentation  of  the  excited  heavy  residue  that 
remains  following  the  initial  stage  of  the  interaction. 
First results from an expanded model coupling QMD to a 
multifragmentation-evaporation  calculation indicate that 
this approach can qualitatively  reproduce the measured 
distributions.  Further work is in progress. 
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